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AGENDA 

1. Call Meeting to Order 

2. Establish a Quorum 

3. Adopt Agenda / Properly Noticed 

4. Approve Minutes of the 09/15/2022 meeting 

5. Public Comment 

6. Old Business 

6.1 FYI – Fish Creek Tower Update 

6.2 FYI – Door County Highway Update 

6.3 FYI – Big Hill Tower Update 

7. New Business 

7.1 ARES/RACES request 

7.2 Review/Approve –OCG Report 

8. Matters to be Placed on a Future Agenda or Referred to a 
Committee, Official, or Employee 

9. Next CATS Committee Meeting Date: To be determined 

10. Adjourn 
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755?pwd=cm5rVkY1b3VXQi81eXJD
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Webinar ID: 884 9078 1755 
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To Connect via Phone: 
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AGENDA 

Call Meeting to Order 

CATS Chairman Alexis Heim Peter called the September 15th, 2022 meeting to order at 10:03AM. 

 

Establish a Quorum 

Dan Kane, Aaron LeClair, Howie Hathaway, Greg Diltz, Jason Rouer, Alexis Heim Peter, David Enigl, 
Chris Hecht, Tim Dietman, Ken Pabich,  

 

Others Present 

Jason Baudhuin, Len Koehnen, Chris Monzingo, Jessica Hatch, Andy Burgess 

 

Adopt Agenda / Properly Noticed 

Motion made by LeClair, second by Hathaway to adopt the agenda. Approved by voice vote. 

 

Approve Minutes of the 06/16/2022 meeting 

Motion made by LeClair, second by Enigl to approve the minutes from the 6/16/2022 meeting. 
Approved by voice vote. 

 

Public Comment 

None 

 

Old Business 

FYI – Fish Creek Tower Update 

Kane provided a brief update as to the status of the project. A competitive bid was awarded to 
Edge Consulting for the project. Kane will work with Koehnen and Edge on next steps. 

 

FYI – Door County Highway Update 
Kane provided an update on behalf of the County Highway department. Door County Highway 
stated that they had worked with Baycom who, after analysis, concluded that the Southwest 
(Andres Pit) tower site would meet their needs. This site is co-owned by Kewaunee County. 
Kane reached out to Kewaunee County to brief them and connect the two parties together. 

 

New Business 

FYI – Brussels Tower Verizon Upgrade 

Kane provided an FYI to the committee on equipment that Verizon is going to change out on the 
shared Brussels tower. This change should not affect operations for the County. 

 

FYI – Big Hill Tower 

Dietman reported that a private cell company is interested in acquiring land and constructing a 
cell tower on “Big Hill” in the City of Sturgeon Bay. The City has paused this process to allow an 

Minutes 
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SUB-COMMITTEE  
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County Board Room 
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Public Safety Committee is the Oversight Committee for Communication Advisory Technical Sub-Committee 
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opportunity for public safety to provide input on the agreement which could provide a better 
opportunity for coverage in the city. 

 

OCG Report 

Monzingo briefed out on the draft report put together by OCG provided to CATS for their review 
to select a new radio system. The report covers four technology options including P25 UHF, 
P25 800, TETRA UHF, and TETRA 800. P25 is the standard in North America. TETRA is the 
standard for most of the rest of the world. TETRA will complicate interoperability if chosen. 
Monzingo stated that there are enough 800 frequencies available at this time but it would need 
to be a priority to acquire frequencies as soon as possible to ensure they will be available in the 
long term. TETRA will require more frequencies to acquire due to the inability to simulcast. 
Coverage maps in the report were reviewed. Coverage studies were based on using existing 
tower sites. OCG used the TIA TSB-88 public safety standard for coverage. The standard is 
97% coverage outdoor for portable and 95% in-building coverage. UHF will require dual band 
radios for interoperability. An 800 system will be fully interoperable with all of Door County 
partners including the State of Wisconsin, Brown, and Kewaunee Counties. Discussion around 
items to be included in the final report. Final report should cover a deeper dive into 
interoperability between UHF and 800 systems as well as coverage comparisons between UHF 
and 800. Motion by Dietman, second by LeClair to have OCG finalize the report to include 
coverage and interoperability concerns and to recommend P25 800 as the recommended 
system by the CATS committee. Approved by voice vote. 

 

Matters to be Placed on a Future Agenda or Referred to a Committee, Official, or Employee 

None 

 

Next CATS Committee Meeting Date  

To be determined 

 

Adjourn 

Motion made by LeClair, second by Dietman to adjourn. Approved by voice vote at 11:45PM 

 

Respectfully submitted by: Dan Kane 
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1. INTRODUCTION 

Omnicom Consulting Group, Inc. (OCG) has developed this report as a comparative 

analysis between the leading “public safety grade” digital land mobile radio (LMR) voice 

technologies to aid Door County in selecting a potential technology and frequency band 

to move forward with a LMR system upgrade.  The technologies covered in this report 

include: 

• Terrestrial Trunked Radio (TETRA) 

• Association of Public Safety Communications Officials Project 25 (APCO P25) 

Digital Mobile Radio (DMR) and NXDN are also current digital LMR technologies being 

manufactured and deployed across North America and have similar features and 

capabilities to both TETRA and APCO P25 radio systems, however, they are not 

typically implemented for public safety LMR systems.  For that reason, OCG has 

concentrated its efforts in this report on TETRA and APCO 25 LMR systems. 

TETRA is a European Telecommunications Standards Institute (ETSI) standard for two-

way voice and data communications that is a mature public safety radio system 

technology that offers four talk paths (i.e., simultaneous radio calls) per 25 kHz channel.   

In the U.S., prior to the development of APCO P25, each vendor’s radio system 

technology was proprietary (i.e., Motorola SmartNet/SmartZone, Harris EDACS, etc.).  

APCO P25 was born in the U.S. with the goal to improve existing LMR radio 

communications systems by developing a non-proprietary technology that can increase 

interoperability and lower system and subscriber costs.  The first generation, APCO P25 

Phase 1, provided a single talk path per 12.5 kHz channel, but the release of APCO P25 

Phase 2 provides two talk paths per 12.5 kHz channel. 

Whereas APCO P25 is commonly used for public safety radio systems in the U.S., 

TETRA is commonly used for public safety radio systems in Europe.   

This review includes the specific architecture of the technologies and their capabilities 

and limitations.  This review includes, but is not limited to: 

• Consideration of the efficiency of the technology to provide multiple talk paths 

per channel and its ability to support frequency reuse via technology such as 

simulcast.   

• The ability for the subscribers to communicate with one another when out of 

range of the system or during a catastrophic event that causes a system failure.   
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• The ability to support coverage augmentation such as satellite receivers, bi-

directional amplifiers, and vehicular repeaters. 

• The ability of the system and subscribers to work together as a large, regional 

system and to support interoperability with other entities such as public safety and 

other governmental agencies. 

• The commercial availability of the technology and the diversity of manufacturers 

supporting the technology. 

• The frequency spectrum bands supported by the technology and the ability of 

licenses and a sufficient quantity of spectrum in those bands. 

• The ability of the technology to integrate with Internet Protocol / Multiprotocol 

Label Switching (IP/MPLS) backbone infrastructure without the use of adaptive 

technologies such as T1 over Ethernet converters, etc. 

• The ability to provide voice communications that meet an objective of a delivered 

audio quality (DAQ) of 3.4 for portable radios throughout the desired service 

area. 

OCG has presented the analysis in a narrative format as well as a Strengths, Weaknesses, 

Opportunities and Threats (SWOT) analysis to facilitate review.  This report is meant to 

aid Door County (County) in making an informed decision as to which or what 

combination of the technologies presented best meet the operational needs of its user 

group. 

OCG’s findings from this analysis are as follows: 

Similarities of both Technologies 

• Both technologies support trunking1 and wide area operation2. 

• Both technologies provide full featured subscriber radio units.  Each technology 

offers different tiers of ruggedness in their subscribers both being heavily used for 

public safety, often having the highest ruggedness ratings3. 

 

1 Trunking refers to a system that utilizes a pool of channels and assigns them dynamically when a user in a talk 

group requests a channel.  This is in contrast to a conventional system where each talk group is assigned a dedicated 

channel. 
2 Wide area operation refers to the ability for communications to take place across multiple tower sites such that a 

user affiliated with one tower site can communicate with a user affiliated with another tower site. 
3 For the U.S. market, most vendors reference their durability with respect to Military Standards (MIL-STD) 810G, 

which describes testing and requirements for various characteristics such as vibration, shock (drop), rain, humidity, 

temperature, etc.  For submersion ratings, most vendors reference International Protection (IP) ratings developed by 

the International Electrotechnical Commission (IEC).  
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• Both technologies support data applications such as AVL, text messages and 

simple work orders. 

• Both technologies support bi-directional amplifiers (BDA) to augment coverage 

in difficult to reach locations. 

• Both technologies support IP-based backhaul technology and can utilize time 

division multiplexing (TDM) technology if required. 

• Both technologies support third-party full-featured, IP-based dispatch consoles. 

• Both trunking technologies in the ultra-high frequency (UHF) range require 

frequency interference studies and coordination to obtain the required FB8 station 

class. 

• With a competitive procurement, ranking of technology by price is highly 

dependent upon the scope of work, the cost to provide the technology and 

required service, and strategic analysis by the vendors on the value of winning. 

 

TETRA Strengths, Weaknesses, Opportunities and Threats: 

 

Figure 1 – TETRA SWOT Analysis 

• As a relatively recent technology in the U.S. market, TETRA has not made 

significant inroads into the public safety market. 

• TETRA provides approximately 10% less coverage than APCO P25.  

Strengths

1) 4-to-1 Talkpaths Per Channel

2) Used for Public Safety and 
Critical Infrastructure Outside U.S. 
Market

3) Certified Interoperability Among 
Vendor Systems and Subscribers

Weaknesses
1) Lower Radio Coverage Performance
2) Requires Use of 25 kHz Channels
3) General Lack of Analog for 
Interoperability
4) Not Authorized in the VHF Band or 
700/800 MHz NPSPAC channels

Opportunities

1) May be Obtained at Discounted 
Price

2) Expand Portable Coverage with 
DMO Gateways (Vehicular Repeaters)

Threats

1) TETRA in U.S. Public Safety Market 
May Not Grow

2) Need for Certified Support and 
Maintenance Entities

3) General Lack of Analog for 
Interoperability
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• TETRA subscriber radios do not support analog operation. 

• Currently in the U.S., TETRA is only approved for operation in UHF and only 

specific public safety and commercial 800 MHz spectrum. 

• TETRA can support full-duplex operation in both individual calls and telephone 

interconnect. 

• TETRA can provide four talk paths in a single 25 kHz channel. 

• TETRA requires linear radio frequency (RF) power amplifiers, which can 

increase system cost. 

• TETRA is a trunking-only technology and does not support conventional 

operation. 

• TETRA does not offer a simulcast solution.  

• TETRA does not offer voted satellite receivers to augment talk back coverage. 

• DMO Gateway operation (e.g., vehicular repeater) is an integral part of the 

TETRA standard whereas other technologies generally view gateways as 

adjuncts. 

• TETRA systems and subscriber radios are generally less expensive than APCO 

P25 systems and subscriber radios. 

APCO P25 Strengths, Weaknesses, Opportunities, and Threats: 

 

Figure 2 – APCO P25 SWOT Analysis 

Strengths

1) Large Support in U.S. Particularly 
by Public Safety Agencies

2) Directly Interoperable with other 
public safety systems in the state. 

3) Established Network of 
Maintenance and Support Vendors

Weaknesses

1) High Cost of Systems and 
Subscriber Radios

2) Lowest Channel Efficiency

3) Unencrypted Control Channel

Opportunities

1) Greater Potential for 
Interoperability with First 
Responders

2) Grant Funds May be Available for 
Interoperability

Threats

1) Emergence of FirstNet as a 
Potentially Viable Mission Critical PTT 
Platform
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• APCO P25 simulcast systems and Phase 2 systems require linear RF power 

amplifiers to maximize site separation, which can increase system cost. 

• APCO P25 is the endorsed local and federal trunked radio system technology for 

public safety applications. 

• Generally, APCO P25 systems have the highest overall system and subscriber 

radio costs. 

• Broadband Long-Term Evolution (LTE) systems, such as FirstNet, are commonly 

viewed by the public safety communications industry as the most likely platform 

for the next generation of mission critical communications.  Should FirstNet 

succeed in establishing itself as a sustainable platform utilizing public safety 

grade facilities, it is probable that FirstNet will be either used to augment APCO 

P25 systems or, potentially, replace P25 systems.  
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2. RADIO SYSTEM TERMINOLOGY OVERVIEW 

2.1 Introduction 

This section of the report examines the current status of voice radio communications 

technologies.  Leveraging the information presented in this report, the County will be 

better able to make decisions pertaining to the technology to be deployed in future radio 

systems. 

2.2 Simplex, Half-Duplex, and Full-Duplex Operations 

The most basic communications mode used in mobile radio is known as simplex (or 

single frequency simplex) operation.  Communications occur on a single frequency, and 

only one party has use of the channel at a time.  See Figure 3. 

160.000 MHz

160.000 MHz

160.000 MHz

Listening

Listening

Listening

Talking

Talking

Talking

 

Figure 3 – Field User Simplex Operations (Direct or Talk-Around) 

Dispatchers operating from RF base stations can also operate in a simplex manner.  See 

Figure 4.  However, users that can receive the dispatch transmissions may not be able to 

receive the transmissions from the users talking to the dispatcher because of the distance 

between the users.  See Figure 5. 
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Figure 4 – Simplex Operation from Dispatch 
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Figure 5 – Simplex Operation from Field 

To expand user-to-user communications, most radio systems use half-duplex operation on 

separate transmit and receive frequencies.  This allows the RF base station to rebroadcast 

(repeat) the transmissions it receives from the field.  This allows users from one side of an 

RF base station’s coverage area to communicate with users on the other side.  RF base 

stations operating in this manner are called repeaters.  The dispatcher with a wireline 

connection to the repeater or a RF control station (a desk-mounted mobile radio) can 

participate in the conversation as well.  See Figure 6. 
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Figure 6 – Half-Duplex Repeater Operation 
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Repeaters are full-duplex stations (talking and listening at same time), allowing the repeater 

station to receive and transmit simultaneously, but a conversation can take place in only one 

direction at a time.  Typical portable and mobile radios designed around analog or frequency 

division multiple access (FDMA) technology do not have the ability to listen while they 

transmit.  Time division multiple access (TDMA) portable and mobile radios, however, are 

always alternating between listening and transmitting on very small, predefined time slots.  

This, in effect, does allow for two-way communications but consumes additional capacity 

and is not commonly used.  See Figure 7.     
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Figure 7 – Full-Duplex Operation (TDMA) 

2.3 Conventional vs Trunked Operation 

 Conventional Operation 

Conventional systems are frequency dependent, which means that a department or group 

is assigned a dedicated radio frequency and generally do not utilize a frequency assigned 

to other departments or agencies for day-to-day operations.   

When there is a need for multiple conversations at the same time, an additional dedicated 

frequency per simultaneous conversation is required.  If there are multiple departments, 

each requiring multiple conversations, then the number of frequencies, RF base stations, 

and antennas required can grow considerably.  If a system is designed to meet peak load 

activity (e.g., call outs), during periods of low activity the radio channels become 

underutilized. 

Advantages 

1. Simplex and half-duplex (repeater) operations are readily available. 
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2. Readily available in all frequency bands. 

3. Simplest form of radio equipment. 

4. Generally, any manufacturer’s radios may be used. 

Disadvantages 

1. Only one user/conversation per channel at a time. 

2. Radio channel resources are dedicated and not shared among the user 

groups. 

3. Lower reliability as the loss of a channel will result in loss of 

communications for the users operating on that channel. 

 Trunked Radio Systems 

The radio communication needs of a large group of users can be more efficiently 

provided by sharing a number of common radio channels or trunks.  The essence of 

trunking is the automatic sharing of a group of common communication paths among a 

large number of users.  The concept of trunking comes from telephony where a telephone 

caller is automatically assigned a trunk (i.e., a line) from a pool of lines for the duration 

of that call.  Once the caller hangs up, that same trunk becomes available to other users.  

The sharing of trunks is managed efficiently and automatically by the switching 

equipment located in the telephone company's central office.   

A trunked radio system consists of a common pool of radio channels that are 

automatically assigned to field personnel by a controller on an as-needed basis.  All 

agencies utilizing the trunked radio system have access to the common set of channels 

and no channel is dedicated exclusively to any user or agency.  Channel assignments are 

transparent to the field user; the radio user simply presses the push-to-talk button and is 

assigned to an available channel resource and begins a transmission. 

In analog and FDMA systems, one channel in the trunked system is designated as the 

control channel on which the signaling and coordination for channel assignments is 

transmitted and received.  The control channel provides the communication link between 

the radio user and the controller at the tower site.  When a radio user desires to initiate a 

call, they press their radio’s push-to-talk button.  The radio then transmits a “request for a 

channel” to the controller at the tower site via the control channel.  At the tower site, the 

controller selects an available repeater channel to assign to the radio user for the duration 

of his call.  The controller then sends out a message over the control channel with 

channel assignment to all radio users in the calling user’s talk group to instructing the 

radios to switch to the assigned repeater channel to participate in the call.  At the end of 

the radio conversation, the assigned repeater reverts back to the pool of available 
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repeaters for the next channel assignment.  All of this is automatic and requires no 

intervention by the user.  The time required from push-to-talk to assignment of a channel 

typically requires less than one-half second.  See Figure 8 and Figure 9. 

Working Channel 1
450.500 MHz TX
455.500 MHz RX

TX 455.00 MHz: Channel Request, Talk Group 1

Working Channel 2
451.000 MHz TX
456.000 MHz RX

Working Channel 3
451.500 MHz TX
456.500 MHz RX

Working Channel 4
452.000 MHz TX
457.000 MHz RX

Control Channel
450.000 MHz TX
455.000 MHz RX

 

Figure 8 – Trunking Channel Request and Assignment 
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450.500 MHz TX
455.500 MHz RX

TX 456.500 MHz:   

Working Channel 2
451.000 MHz TX
456.000 MHz RX

Working Channel 3
451.500 MHz TX
456.500 MHz RX

Working Channel 4
452.000 MHz TX
457.000 MHz RX

Control Channel
450.000 MHz TX
455.000 MHz RX

Talking

Listening

Listening

 

Figure 9 – Trunking Repeater Operation 
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TDMA-based systems function similarly, but each channel is divided into multiple time 

slots (typically either two or four time slots) and respond to a call request with a time slot 

assignment in addition to the channel assignment.  Different technologies implement the 

control channel in different ways.  APCO P25 systems generally use an FDMA control 

channel (P25 TDMA control channel has recently become available) and TETRA 

systems also use one time slot for control channel, though they can add additional control 

channel time slots as needed. 

Advantages 

1. Greater throughput capacity that increases exponentially as the number of 

channels increase. 

2. The controller of the system allows many advanced features such as 

automatic unit identification, individual call, prioritization of users, 

missed-call notification and call-back, remote unit disable, dynamic 

regrouping of users for special or disaster operations, and many more. 

3. Greater reliability as the loss of a single channel only affects the number 

of calls that can be processed and does not prevent a particular group of 

users from communicating. 

Disadvantages  

1. Much more complex and costly than conventional. 

2. Complex infrastructure must be in all areas to utilize advanced system 

features. 

3. In analog, FDMA, and P25 TDMA systems, one channel of system is 

unusable for voice because it is dedicated to the control channel signaling.  

In non-P25 TDMA systems, one time slot of one channel is dedicated to 

the control channel signaling. 

2.4 Trunked System Failure Modes 

Trunked systems generally support a “graceful degradation of trunking” such that as 

channels in the system or a site fails, those channels are removed from service.  

Depending upon the manufacturer of the system, the system may continue to trunk until 

there are no channels available or revert to conventional operation if there are no control 

channels available4. 

 

4 Reversion to conventional operation is often referred to as “Failsoft” mode. 
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2.5 Analog Radio versus Digital Radio 

 Analog Radio Technology 

Analog base stations are only capable of transmitting and receiving a single voice 

conversation at a time.  Over time, radio system manufacturers have worked with the 

Federal Communications Commission (FCC) to develop radios capable of operating in 

narrower channel bandwidths, effectively increasing the number of radio channels 

available to the public.  Today, however, the FCC has reduced the bandwidth of radio 

channels to the point where analog radio is no longer able to meet spectrum efficiency 

requirements demanded by the FCC.  To meet the FCC requirements for narrowband 

radio operation, migration to digital radio technologies is required. 

Advantages  

A. Simple low-cost legacy technology. 

B. Interchangeable among manufacturers. 

C. Easy to troubleshoot. 

Disadvantages  

A. Limited capacity, one user or conversation per channel. 

B. Noise decreases intelligibility, especially at coverage fringe. 

C. Susceptible to analog noise. 

D. Not compatible with the further narrowbanding to 6.25 kHz channels. 

E. Shorter portable radio battery life – transmitter is keyed continuously during 

transmissions. 

 Digital Radio Technology 

Digital radio technology converts a user’s speech to a digital signal.  This process is 

referred to as voice encoding or “vocoding”.  Different vocoders are used by different 

technologies; examples of which are the Improved Multi-Band Excitation (IMBE), 

Advanced Multiband Excitation (AMBE), and Algebraic Code-Excited Linear Prediction 

(ACELP) vocoders. 

The digital audio clarity can be better and more consistent throughout the entire coverage 

area.  In an analog system, audio quality degrades and gets noisy as the receiver moves 

farther away from the transmitter.  Users can tell well in advance when they are going to 

drop out of the system coverage.  In a digital system, the audio quality remains clear as 

the receiver moves away from the transmitter.  Only when the RF signal strength 

becomes weak enough for the bit error rate to become excessive does the audio quality 
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begin to deteriorate.  When the radio unit is at this point, the drop out of the system is 

much quicker than an analog system. 

Strong 
Signal

Analog

Digital

Poor Audio 
Quality

Excellent 
Audio Quality

Weak 
Signal  

Figure 10 – Comparison of Analog and Digital Audio Quality 

There are two primary types of digital technologies for the over-the-air transmission of the 

vocoded signals in two-way land mobile radio communication systems:  Frequency Division 

Multiple Access (FDMA), and Time Division Multiple Access (TDMA). 

In an FDMA system, every call utilizes a full channel during the length of the call.  The size 

of the channel can range from a full 25 kHz down to a narrowbanded 6.25 kHz.  By dividing 

a 25 kHz channel into four 6.25 kHz channels, a 4-to-1 improvement in capacity can be 

achieved.  APCO Project 25 Phase 1 is an example of FDMA technology. 

In a TDMA system, instead of dividing the full 25 kHz channel into smaller-sized channels, 

the full channel is divided into multiple time slots.  By dividing the full channel into four 

time slots, a 4-to-1 improvement in capacity can be achieved.  TETRA and Project 25 Phase 

2 are examples of TDMA technology though TETRA supports four time slots in a 25 kHz 

channel whereas APCO Project 25 Phase 2 support two time slots in a 12.5 kHz channel.  

Both technologies provide the same spectrum efficiency (one time slot per 6.25 kHz of 

spectrum).  However, TETRA provides support for four talk paths in a single base station 

whereas APCO Project 25 Phase 2 requires two base stations to provide four talk paths as 

each channel requires its own base station.  See Figure 11 where each technology is shown 

providing four talk paths. 
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Figure 11 – Comparison of FDMA and TDMA 

Digital systems can support advanced features such as dynamic ID's, continuous 

emergency status, vehicle location, and active user ID display on field units.  Wireless 

data communications can be integrated within the digital voice system, which, in some 

cases, can reduce or eliminate the need for independent wireless voice and data systems.  

Radio units can automatically reduce their power when they are close to the repeater to 

save battery life and reduce the potential for interference in the system receivers. 

Digital voice communications on a trunked system can be enhanced due to the buffering 

of the beginning portion of the voice message, which in some cases may be chopped off 

in a trunking system when users fail to wait for the "go-ahead" tone. 



 Technology Upgrade Roadmap Report      

  

 

  Page 2-10 

 

In a digital system, the voice message is transmitted as data and therefore can be 

encrypted by scrambling the order of the bits using an encryption algorithm or "key".  

The channels and system can use separate keys for each user group as well.  Unlike an 

analog system, encryption of a digital system has no degradation on voice quality or 

range. 

Advantages  

A. Better spectrum efficiency, allowing the transmission of a signal in a smaller 

bandwidth.  

B. Noise is not added to the signal, the perception being that one can operate farther 

from the transmitter without degradation. 

C. Error correction reconstructs the signal if interference occurs. 

D. Digital voice encryption provides a high level of security. 

E. Improved portable radio battery life with TDMA – transmitter keyed only during 

the interval of its assigned time slot. 

Disadvantages  

A. Higher initial cost than analog. 

B. Since noise does not increase as one nears the fringe area, some users dislike the 

fact that they get no warning when the signal drops out. 

C. The digitization and error correction causes a noticeable delay in signal 

transmission, which can be annoying, or even detrimental under certain time 

sensitive tactical communications. 

D. Vocoder technology, although becoming highly sophisticated, can have difficulty 

sorting a voice from high ambient noise sources.  Under extreme conditions, 

wind, crowd noise or sirens can disrupt voice communications.  To overcome this, 

adaptive noise suppression in radios is used. 

2.6 Wide Area Coverage 

Systems that have a requirement for radio coverage over a wide area will use one of two 

(and sometimes both) methods to achieve the desired coverage, either by deploying 

multiple sites operating on unique sets of frequencies or simulcasting multiple sites 

operating on the same set of frequencies. 

 Multisite 

In a multisite system, sites are constructed to provide the required radio coverage and 

each site is assigned a unique set of frequencies.  If the service area is large, it may be 

possible to reuse frequencies at other sites if the distance between the sites is great 
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enough to prevent harmful interference.  As users travel from the coverage area of one 

site to the next, their radios change their frequency to match the frequency of the new 

site.  This process is referred to as roaming.  This can be configured to be automatic and 

transparent to the user or can be configured for manual mode where the user is required 

to change sites (i.e., “finger-type roaming”).    See Figure 12. 

Site 1 Site 2

Site 1: Strong
Site 2: Very Weak
Stay on Site 1

Site 1: Good
Site 2: Weak
Stay on Site 1

Site 1: Fair
Site 2: Fair
Stay on Site 1

Site 1: Weak
Site 2: Good
Switch to Site 2

Site 1: Very Weak
Site 2: Strong
Stay on Site 2

 

Figure 12 – Multisite Roaming 

Advantages  

A. Wide area coverage is provided. 

B. A higher quantity of channels may be deployed in heavy traffic areas while fewer 

channels may be deployed in remote areas. 

C. Does not require complex and costly simulcast synchronization equipment. 

Disadvantages  

A. Each site must utilize a unique set of frequencies unless sites are far enough apart 

to allow for reuse.  

B. User radio parameters for determining when to switch sites must be carefully 

optimized to ensure reliable communications in overlap areas.  

 Simulcast 

Simulcast utilizes multiple transmitters at different locations, simultaneously transmitting 

identical information on the same frequency.  The transmitters are located so that their 

coverage areas overlap and their combined coverage provides a strong signal at all points 

within the desired service area.  The transmitters’ frequency and modulation 

characteristics are held to extremely close tolerances, because even small differences 
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between transmitters will result in a large amount of distortion and interference in the 

overlapping zones.  Modern simulcast systems use GPS receivers and high-stability 

reference clocks to achieve the required synchronization.  The receiver signals from each 

simulcast site are routed through a centralized comparator or “voting” system where the 

inbound digital audio is processed.  The comparator outputs the best delivered audio 

quality signal which is repeated by the system and passed on to the wireline dispatch 

consoles.  

From a user radio and system perspective, a cluster of simulcast sites appear as a single 

wide area site.  Radios may receive signals from multiple sites, but because these signals 

are carefully synchronized, the user radios only see a combined signal and therefore, do 

not need to “roam” between sites.  Furthermore, in areas where the signals are not well 

synchronized, if one site is significantly stronger than the other site, it will be “captured” 

by the radio and interference will not be seen.  See Figure 13.   

Site 1 Site 2

Site 1: Strong
Site 2: Very Weak
Sync: Out-of-Sync, but 
Site 1 is  Captured   
Good Audio

Site 1: Good
Site 2: Weak
Sync: In-Sync, Good 
Audio

Site 1: Fair
Site 2: Fair
Sync: In-Sync, Good 
Audio

Site 1: Weak
Site 2: Good
Sync: In-Sync, Good 
Audio

Site 1: Very Weak
Site 2: Strong
Sync: Out-of-Sync, but 
Site 2 is  Captured   
Good Audio

 

Figure 13 – Simulcast Wide Area Coverage 

 

Advantages 

A. Coverage is improved because signals transmit from more than one direction. 

B. Receiver voting from multiple sites improves inbound communications from user 

radios.  

C. Subscriber unit operation is simple, without the need for switching channels as 

units move to other regions of the coverage area. 

D. One frequency can be used to cover a very large area. 
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Disadvantages  

A. Costly precision base station equipment is required to synchronize all transmitters 

on the same frequency and to ensure audio levels and phase do not change. 

B. If overlap areas are not properly engineered, a high bit error rate from destructive 

time-delay interference can occur within user radio receivers resulting in a total 

loss of signal or poor audio quality. 

C. High quality network links such as digital microwave are needed to carry the 

digital signals to the base transmitter. 

D. Coverage performance limitations exist where site distance separations are 

extreme. 

E. Higher cost.  Simulcast control point equipment can range from $50,000 up to 

$500,000 depending upon the number of channels and number of sites 

participating in the simulcast cluster.  In many systems, frequency-stable clocks 

are required at each simulcast site to maintain synchronization.  These clocks cost 

approximately $25,000 each.  

F. Higher maintenance. 

2.7 Wide Area / Simulcast Failure Modes 

Wide area systems are networked together such that users communicating from one site 

may communicate with users communicating on another site.  Redundancy in network 

connectivity greatly enhances a system’s reliability and availability, but no matter how 

redundant a network may be, there is always the possibility of a disruption to the network 

from a catastrophic failure.   

When a site loses connectivity with the system’s main controller, radio systems will 

revert the site to the “site trunking” mode where the site continues trunking operation; 

however, all radio transmissions will stay local to the site and wide area communications 

will be lost. 

When a site in a simulcast system loses connectivity with its central control point, the site 

typically removes itself from the simulcast cell to avoid harmful interference to 

communications supported by the other simulcast sites.  Alternatively, a site can be 

configured to operate on a predetermined allotment of channels.  In this case, the 

simulcast control point also detects the loss of connectivity, assumes the site has entered 

standalone mode, and removes that site’s allotment of channels from the simulcast 

system to avoid interference.    In any case where network connectivity is loss, the site 

cannot participate in wide area calls. 
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2.8 Coverage Augmentation 

Often it is not practical to achieve the desired level of radio coverage from base station 

repeater sites alone.  Designing a system to provide coverage in very dense (or even 

underground) locations would result in a large number of tower sites.  If only a few 

locations within a service area have such requirements, then the use of bi-directional 

amplifier (BDA) systems may be a more cost-effective approach.  A BDA is a two-way 

repeater that rebroadcasts transmissions from the base station repeaters to subscriber 

radios and from the subscriber radios to the base station repeaters.  Since BDAs amplify 

and redistribute radio signals, a large amount of isolation must be provided between the 

indoor and outdoor antenna systems to avoid oscillations that may create harmful 

interference to the communications system.  See Figure 14. 

Site 1

BDA

 

Figure 14 – Bi-Directional Amplifier (BDA) Coverage Augmentation 

Voting with satellite receivers is another form of coverage augmentation that addresses 

the situation where talk out coverage significantly exceeds talk back coverage, especially 

from portable radios.  Most systems are designed for balanced coverage (talk out 

coverage equal to talk back coverage) but when the portable radio transmitter power is 

low and base station repeater transmitter power is high, an imbalance can occur.  To 

mitigate this, base station receivers (no transmitters) can be installed on the fringe of 

coverage to improve talk back performance.  To utilize this technology, the system must 

contain voting equipment that reviews the received signals from each of the receivers and 

selects the best signal for retransmission by the base station repeater.  See Figure 15. 
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Figure 15 – Satellite Receiver Coverage Augmentation 
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3. TERRESTRIAL TRUNKED RADIO (TETRA) 

TETRA is a European Telecommunications Standards Institute (ETSI) standard for two-

way voice and data communications that is a mature TMDA-based radio system 

technology that offers four talk paths per 25 kHz channel.  Until recently, TETRA was 

not approved for use in the U.S.  On September 19, 2012, the FCC issued a Report and 

Order5 modifying the FCC Part 90 rules to permit the certification and use of TETRA 

equipment.  The Order permits operation of TETRA in the 450-470 MHz and 809-

824/854-869 MHz spectrum.  With respect to the later, operation in the NPSPAC portion 

of the 800 MHz band (806-809/851-854) was excluded because of the reduced channel 

bandwidth of the NPSPAC channels.   

3.1 Major System Manufactures and Systems 

There have been several acquisitions that have reduced the total number of TETRA 

manufacturers.  In 2017, Hytera completed their purchase of Sepura who, in 2015, 

acquired Teltronic/PowerTrunk (Teltronic marketed their products in the U.S. as 

PowerTrunk).  Also offering TETRA systems and equipment within the U.S. are DAMM 

Cellular Systems, Airbus DS Communications and Selex Communications.  Outside of 

the U.S., Motorola Solutions owns a significant market share of TETRA systems and 

subscribers; however, they have chosen not to offer this product to the U.S. market and 

instead, offer two competing products, APCO P25 and MOTOTRBO DMR systems. 

Since approval of TETRA operation in the U.S. by the FCC, a number of significant 

systems have been deployed using TETRA technology.   

• NJ Transit (PowerTrunk) 

• Diverse Power - Cobb EMC (PowerTrunk infrastructure / Sepura radio terminals) 

• Dixie Electric Membership Corporation (DAMM infrastructure / Sepura radio 

terminals) 

• Cooperative Energy Mississippi (PowerTrunk infrastructure / Sepura radio 

terminals) 

3.2 Features 

Key features for mission critical radio systems, and other features offered by TETRA are 

listed in Table 1 and Table 2 respectively.  Although the technology may support some of 

these features, they are marked “No” if not implemented by any major manufacturer. 

 

5 Amendment of Part 90 of the Commission’s Rules to Permit Terrestrial Trunked Radio (TETRA) Technology, WT 

Docket 11-69, ET Docket 09-234 
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Table 1 – Key Features Implemented by TETRA 

Feature Support 

Group Call Yes 

System/Broadcast Call Yes 

Individual Call Yes 

Call Queueing Yes 

Telephone Interconnect Yes 

Emergency Calls Yes 

Simplex / Talk-Around Yes 

Late Entry Yes 

Analog Operation No6 

Packet Data / Status Messages Yes 

Location Service / GPS Yes 

Man Down / Lone Worker Yes 

End-to-End Encryption Yes 

Radio Authentication Yes 

Priority Levels Yes 

Talking Party Identification / Alias Yes 

Radio Inhibit & Uninhibit (Radio Kill) Yes 

Dynamic Regrouping / Storm Plans Yes 

Talk Group Scanning Yes 

Console Call Preemption Yes 

Table 2 – Additional Features Implemented by TETRA 

Feature Support 

Data Call Yes 

Full-Duplex Individual Call Yes 

Full-Duplex Telephone Interconnect Yes 

 

TETRA is used extensively for public safety communications in Europe and other parts 

of the world.  It is not used in the U.S. primarily due to the adoption of the APCO P25 

standard for public safety communications7 as well as the unavailability of TETRA in the 

U.S. until 2012.  Of the key features listed in Table 1, only analog operation is not 

supported.  For day-to-day activities, analog operation is not required; however, a user 

would be hindered if they needed to interoperate with another agency that may not be 

part of the system or operate on TETRA.  The national 800 MHz mutual aid channels 

(8CALL90 and 8TAC91 to 8TAC94) are analog channels. 

 

6 Analog operation is not commonly found in TETRA radios, however, one manufacturer, PowerTrunk, has FCC 

type-accepted subscribers that perform TETRA, P25 and analog modes of operation. 
7 Harris County Sheriff’s Office (GA) uses the Diverse Power TETRA system.  The Diverse Power TETRA system 

does not use FCC allocated Public Safety frequencies. 
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